pedicle screw and a cage following the decompression, posterior lumbar interbody fusion (PLIF) has been performed as one of the conventional treatments [1] . A higher fusion rate can be obtained in cases in which rigid fixation is performed using a pedicle screw, as compared with that for the cases in which internal fixation was not performed, and the postoperative period of using a brace can be shortened with rigid fixation using a pedicle screw. This is advantageous in that ambulation can be more quickly performed without using a brace [2, 3] . PLIF has been reported to produce good clinical outcomes. However, it has also been reported to produce complications due to the rigid fixation. Of these complications, adjacent segment disease has been a matter of increasing interest.
In cases in which solid fusion is achieved, the mobility of the superior adjacent segment is increased and a loading is increasingly exerted to the superior adjacent disc. This has been verified in a cadaver study, and it has also been shown in a biomechanical study [4, 5] . But there are also opinions that this is all part of the normal aging or degenerative process [6] [7] [8] . The reported risk factors for adjacent segment disease are old age, long level fusion, the degenerative changes in the adjacent segment that are detected before the surgery, the facet joint sagittalization and the laminar inclination [8] [9] [10] [11] [12] . Another report says that the instability of the superior adjacent segment is increased with posterolateral fusion after removing the laminar, spinous process and the posterior ligament complex of the superior adjacent segment [13] . In cases in which a decompression is performed for spondylolytic spondylolisthesis, the total excision of the laminar and spinous process of fusion level and the posterior ligament complex of the superior adjacent segment is unavoidable. Therefore, we concerned about that the rate of early degenerative change at the superior adjacent segment is relatively high.
Given the above background, we examined whether the degenerative changes of the adjacent segment occurred in the early stage following a single-level PLIF after the decompression of the spondylolytic spondylolisthesis and if this results in poor clinical outcomes. To do this, we compared the adjacent segment degeneration and clinical outcomes between the cases of spondylolytic spondylolisthesis and those cases of spinal stenosis and degenerative spondylolisthesis that were treated with partial laminectomy and a single-level PLIF.
Materials and Methods

Study patients
The current study was conducted on the patients who could be followed up for a minimum period of two years following a single-level posterior decompression and the PLIF with using a cage for the management of lumbar disease that was refractory to conservative management at our medical institution from May 2000 to July 2007. The cases of non-union at the fusion level, the cases requiring revision and the cases with existing instability in the superior adjacent segment were excluded from the analysis. A total of 63 patients were enrolled and their average age was 61.1 ± 10.1 years (range, 29 to 78 years). There were 14 men (22.2%) and 49 women (77.8%). The average follow-up period was 43.1 ± 18.6 months (range, 24 to 102 months). Based on the preoperative diagnosis, the patients were classified into the spondylolytic spondylolisthesis group (n = 17, 27.0%), the degenerative lumbar spondylolisthesis group (n = 22, 34.9%) and the spinal stenosis group (n = 24, 38.1%).
The surgeries of three groups were performed by two spine surgeons among the authors. The target site was reached via a subperiosteal dissection after making a midline skin incision. At the corresponding fusion level, a pedicle screw was inserted and this was followed by a decompression procedure. In regard to the amount of decompression, in the degenerative lumbar spondylolisthesis group and the spinal stenosis group, partial laminectomy and the removal of the posterior ligament complex (the interspinous ligament and the supraspinous ligament) and the ligament flavum were performed at the fusion level. In the spondylolytic spondylolisthesis group, total lamenectomy was inevitably performed. According to this, the posterior ligament complex and ligament flavum were removed at the fusion level and the superior level.
Assessment and analysis methods
To confirm the presence of degenerative changes of the superior adjacent disc, we measured the intervetebral disc height of the superior adjacent segment using the standing lateral plain radiography that was taken at preoperation and at the time of the last follow up. To confirm the occurrence of instability, we measured the superior adjacent disc seg-mental sagittal angle [14] and the occurrence of anterior or posterior listhesis. The intervertebral disc height was evaluated using a PACS viewer (M-view, Seoul, Korea) by measuring the distance extending from the mid-point on the upper end-plate of the superior vertebral body at the fusion level to the mid-point on the lower end-plate of the superior vertebral body in the superior adjacent segment. To minimize the errors due to a magnified ratio on the radiographic images, we compared the ratio between the intervertebral disc height and the body height of the superior vertebral body in the superior adjacent segment (Fig. 1) . At preoperation and at the last follow up, the segmental sagittal angle of the superior adjacent segment was defined as the angle formed between the upper end-plate and the lower end-plate of the superior adjacent level on a standing lateral flexion and extension views, and the angle was measured using Cobb's method (Fig. 2) . In cases in which there was a discrepancy in the angle of > 10� , it was determined that hypermobility was present. The occurrence of anterior or posterior listhesis was determined to be positive when the standing lateral plain radiography at the last follow up shows a listhesis distance (Fig. 3 ) of more than 3 mm compared to that of the preoperation image. For cases in which the segmental sagittal angle showed hypermobility or listhesis, it was determined that instability had occurred. Any cases in which both hypermobility and listhesis occurred were considered to be a single case. At a last follow-up, the clinical outcomes were evaluated using Brodsky's method (Table 1) [15] .
Each parameter was measured twice by two orthopedic surgeons. We used SPSS ver. 17 (SPSS Inc., Chicago, IL, USA). A comparison between the intraobserver and interobserver variations for the measured superior adjacent segment's preoperative body-disc height ratio/last body-disc height ratio and the segmental sagittal angles at the last follow up were assessed using Spearman's correlation analysis. A comparison of the clinical outcomes was done using kappa values. Furthermore, inter-group comparison was done using the average value of two measurements, that is, the body-disc height ratio using the Kruskal-Wallis test, instability using Fisher's exact test and clinical outcomes using the chi-square test.
Results
An analysis of the study patients
The mean age of the patients was 55.8 ± 9.7 years (range, 35 to 70 years) in the spondylolytic spondylolisthesis group, 65.9 ± 7.1 years (range, 50 to 78 years) in the degenerative lumbar spondylolisthesis group and 60.4 ± 10.8 years (range, 29 to 75 years) in the degenerative lumbar spondylolisthesis group. The degenerative lumbar spondylolisthesis group showed a significance difference (p < 0.01) of age as compared to that of the other groups. The average follow-up period was 44.7 ± 18.2 months (range, 24 to 92 months), 43.2 ± 18.7 months (range, 24 to 100 ASD after PLIF / 85 months), and 42.1 ± 19.5 months (range, 24 to 102 months), respectively. The differences did not reach statistical significance (p = 0.90). In regard to the male-to-female ratio in each group, all three groups showed a female predilection. Yet in the spinal stenosis group, the male-tofemale ratio was found to be significantly higher as compared with that of the other groups (p = 0.02, the male-tofemale ratios were 3 : 14, 1 : 21, and 10 : 14 in the corresponding order). In regard to the difference in the fusion segment, the frequency of the L5-S1 level was found to be significantly higher in the spondylolytic spondylolisthesis group (p < 0.01) ( Table 2 ). The preoperative degree of anterior listhesis was classified using the Myerding grade, and it was measured as grade 2 in one case of the spondylolytic spondylolisthesis group and grade 1 in the remaining 16 cases of the spondylolytic spondylolisthesis group and all the cases of the degenerative spondylolisthesis group.
2. An analysis of the radiological outcomes A comparison between the intraobserver and interobserver variations for the measurements of the superior adjacent segment's preoperative body-disc height ratio/last bodydisc height ratio and the segmental sagittal angles at the last follow up was done using Spearman correlation analysis. In regard to (the preoperative body-disc height ratio)/(the last body-disc height ratio) and depending on the time point of the measurement, the correlation coefficient (r) was 0.75 and the significance level (p) was 0.01, which shows a significant correlation. In regard to the segmental sagittal angle measured at a last follow-up, the correlation coefficient (r) and the significance level (p) were found to be 0.89 and 0.01, respectively, which also showed a high degree of significant correlation.
Interobserver comparison was done by calculating the average value of two measurements, and the interobserver measurement data was also reliable.
(2) The degenerative changes at the superior adjacent disc
To rule out measurement error due to the magnification and shrinkage of the radiographic images, a comparison was made for the decrement in the intervetebral disc height based on the ratio of the intervertebral disc height vs. the height of the superior vertebral body.
The preoperative body-disc height ratio was 0.43 ± 0.07 in the spondylolytic spondylolisthesis group, 0.34 ± 0.07 in the degenerative spondylolisthesis group and 0.35 ± 0.06 in the spinal stenosis group, and there was a statistical significant difference (p < 0.01) in the spondylolytic spondylolisthesis group. At a last follow-up, the last bodydisc height ratio was also found to be significantly higher in the spondylolytic spondylolisthesis group than that in the other two groups (p < 0.01).
In regard to the changes of intervetebral disc height seen in each group, the preoperative body-disc height ratio was 0.43 ± 0.07 in the spondylolytic spondylolisthesis group, but it was significantly decreased to 0.40 ± 0.07 at a last follow-up (p < 0.01). Yet in the degenerative spondylolisthesis group and the spinal stenosis group, the amount of decrease of the body-disc height ratio was not statistically significant (0. On comparing the decrement in the intervetebral disc height between the three groups, there was no statistically significant difference (p = 0.45).
Preoperatively and at a last follow-up, the segmental sagittal angle of the superior adjacent disc was found to be 4.49 ± 3.09 and 5.56 ± 4.84, respectively, in the spondylolytic spondylolisthesis group, 4.29 ± 2.60 and 3.37 ± 3.40, respectively, in the degenerative spondylolisthesis group and 4.88 ± 3.09 and 2.77 ± 3.57, respectively, in the spinal stenosis group. These results showed no significant difference in the segmental sagittal angle of the superior adjacent disc between each groups at the preoperatively (p = 0.77) and final follow-up (p = 0.06).
In regard to the proportion of cases in which the segmental sagittal angle was measured as > 10 at a final follow-up and this indicates hypermobility and the proportion of cases in which anterior or posterior listhesis occurred, there were five cases (27.8%) and four cases (22.2%), respectively, in the spondylolytic spondylolisthesis group, one case (4.3%) and three cases (13.0%), respectively, in the degenerative spondylolisthesis group and three cases (11.1%) and no cases (0%), respectively, in the spinal stenosis group. In regard to the proportion of cases in which there was hypermobility or listhesis occurred and this indicates instability, there were five cases (33.3%), four cases (17.4%) and three cases (11.1%), respectively, in the corresponding order of groups. In the degenerative spondylolisthesis group and the spinal stenosis group, instability was found in less than five cases. Therefore, there is a limitation to make a synchro-nous comparison between the three groups. Accordingly, Fisher's exact test was performed between the spondylolytic spondylolisthesis group and the degenerative spondylolisthesis group, and between the spondylolytic spondylolisthesis group and the spinal stenosis group. But there was no statistical significance for each comparison (p = 0.46 and p = 0.24, respectively) ( Table 3) .
An analysis of the clinical outcomes
(1) An analysis of the concordance between the intraobserver and interobserver variations
For analyzing the concordance between the intraobserver and interobserver variations, we measured the kappa value. According to the measurement, the intraobserver kappa value was 0.680 and the interobserver kappa value was 0.620. These results indicate that there was a significant concordance in the intraobserver and interobserver variations.
(2) Clinical outcomes
At the last follow-up and based on the Brodsky classification, excellent and good treatment outcomes were seen in 12 cases (70.6%) of the spondylolytic spondylolisthesis group, in 18 cases (72.7%) of the degenerative spondylolisthesis group and in 16 cases (75%) of the spinal stenosis group. On comparing the clinical outcomes between the groups using chi-square tests, there were no statistically significant differences (p = 0.951).
Discussion
Although various methods of the surgical treatment for spondylolytic spondylolisthesis are used, there has been no surgical treatment established as a superior option than others. The major purposes of surgical treatment include the stabilization of an unstable segment and the decompression of neural structures [16] . Thomsen et al. [17] performed pedicle screw fixation and posterolateral fusion and they obtained a higher fusion rate and satisfactory reduction. However, according to Suk et al. [18] , because posterolateral fusion has a higher degree of a loss of the reduction as well as non-union, a higher fusion rate and good clinical outcomes were obtained following a 360 circumferential fusion. Good clinical outcomes were also reported by to the previous studies in which PLIF was performed [19] .
As advances have been made for the methods of obtaining solid bone fusion and the follow-up period has been prolonged, solid fusion has been reported to accelerate the degenerative changes of the adjacent segment. There is increased interest in that issue and now studies are actively progressing [1, 4, 7, 8, [20] [21] [22] [23] . There are also opinions that the degenerative change of the adjacent segment of the fusion level is not a complication due to the fusion, but rather it is ASD after PLIF / 87 Values are presented as number (%).
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Ratio of the spondylolytic spondylolisthesis group is higher than others, b) Comparison between the spondylolytic spondylolisthesis group and the degenerative spondylolisthesis group, c) Comparison between the spondylolytic spondylolisthesis group and the spinal stenosis group. part of the normal aging or degenerative process [6] [7] [8] 22, 23] . But in a biomechanical study, there were such findings as the increased tension in the segment adjacent to the fusion level, hypermobility and increased intervertebral disc pressure [4, 5] and these factors might affect the occurrence of degenerative changes.
There is a variability for the incidence rate of degenerative change in the adjacent segment following lumbar fusion depending on the studies, and the rate of degenerative change has been reported to be approximately 24-49% [10, 20, 24, 25] . Most of the studies have reported that degenerative change occurred in the proximal segment to the fusion level [7, 26] . Accordingly, in this study, the superior segment to the fusion level was solely examined. There is still a controversy as to the relationship between the degenerative change and the clinical symptoms. For this reason, Hilibrand and Robbins [21] classified it as an adjacent segment disease only when there were suitable clinical symptoms with the appropriate radiologic findings. The proportion of patients who are in need of revision surgery due to the adjacent segment disease is significantly lower than that for the patients who present with degenerative change. In patients who underwent PLIF, Lin et al. [1] noted that a revision surgery was needed in only 2% (9/465) of the total cases at a 1-to 10-year follow-up.
The risk factors reported to be associated with the degenerative changes of the adjacent segment include the patientrelated factors (age, gender, and bone mineral density), anatomical factors (the laminar and facet joints), the preoperative status of the intervertebral disc and facet joints, the number of fusion levels, the fusion methods, the use of instrumentation and the alignment in the coronal plane and sagittal plane, and all of these factors are controversial [8] [9] [10] [11] [12] . It has been universally accepted that changes of the adjacent segment frequently occur as time elapses following lumbar fusion [22] .
Of the patient related factors, in regard to gender and age, Kumar et al. [27] noted that there was no gender-related difference in the occurrence of degenerative change at the adjacent segment to the fusion level. Aota et al. [24] reported a high incidence rate of instability of the adjacent segment in patients who were aged 55 years or older. Yet in recent years, many studies have reported that there are no age-related changes [8] [9] [10] . In this study, because there was a small number of male patients in both the spondylolytic spondylolisthesis group and the degenerative spondylolisthesis group, statistical analysis could not be easily performed. In the spinal stenosis group, there was no genderrelated difference in the occurrence of instability of the adjacent segment. Also in regard to age, the average age was significantly higher in the degenerative spondylolisthesis group as compared with that of the other groups. But the occurrence of adjacent segment degeneration showed no significant difference from that of the other groups.
Lai et al. [13] reported the importance of a tension band mechanism by the posterior column structure as a risk factor for adjacent segment degeneration. They also noted that the degenerative changes of the superior adjacent segment would occur in the early stage due to the increased instability in cases in which the insertion sites of the supraspinous ligament and interspinous ligament were removed in the superior adjacent segment by total excision of the spinous processes. In the case of spondylolytic spondylolisthesis, the total lamenectomy and the damage to the supraspinous ligament and interspinous ligament in the superior adjacent segment are unavoidable. According to their statement, it is expected that the degenerative change would occur in the early stage, but in this study, contradictory results were observed, and based on our clinical experience, there was no tendency that the degenerative change occurred in the early stage in patients with spondylolysis.
Unlike what Lai et al. [13] did, we performed PLIF rather than the posterolateral fusion and this supported the anterior region of the vertebral body and it maintained a more stable lumbar lordosis. It is also assumed that anterior fusion reduced the loading that was increasingly exerted to the adjacent segment. Lee and Langrana [5] reported in a biomechanical study that an increased loading was exerted to the disc in the adjacent segment in cases in which posterior fusion was performed, but the increment of the loading was relatively smaller in those patients in which anterior fusion was performed. In addition, Penta et al. [23] conducted a study on the degenerative change of the adjacent segment to the fusion level and as was seen on magnetic resonance image scans. Those authors reported that the degenerative change of the adjacent intervertebral disc was not aggravated in cases in which anterior fusion was performed.
Madan and Boeree [28] reported that more than good clinical outcomes were observed in approximately 70% of the total cases of spondylolytic spondylolisthesis that were treated with PLIF. Equivalent clinical outcomes were also observed in this current study. Many studies have also compared the clinical outcomes between the cases of spondylolytic spondylolisthesis treated with PLIF and those treated with posterolateral fusion [18, 28, 29] . But there are not many studies where the different disease groups were treated with same PLIF, as was done in the current study. According to this current study, when spondylolytic spondylolisthesis, degenerative spondylolisthesis and spinal stenosis were treated with a single-level PLIF, there were no significant differences in the clinical outcomes at the last follow-up between the disease groups. This requires further long-term follow-up studies.
Lehmann et al. [22] conducted a study on 62 patients who underwent posterolateral fusion with 33-years of follow-up. According to them, instability of the superior adjacent segment occurred in 45% of the total cases and the spinal stenosis was seen in 42%. Based on these findings, they noted that there was a strong correlation between instability of the superior adjacent segment and spinal stenosis, but there was no correlation between the radiologic findings and symptoms. According to Frobin et al. [30] , the first sign of intervetebral disc degeneration was the decreased intervertebral disc height and the intervetebral disc height was decreased as the degeneration progressed. They also noted that there was no significant correlation between the intervetebral disc degeneration and the decreased intervertebral disc height. Therefore, the limitations of this current study are that the occurrence of degenerative change was evaluated based only on the changes in the intervertebral disc height and the radiologic findings of instability of the superior adjacent segment. In addition, based on the characteristics of each disease group, such variables as the gender, age and the fusion level were not adjusted for. Also, there was a limitation of not considering the influence due to the occurrence of degenerative change in the preoperation superior adjacent segment.
Conclusions
For the surgical management of spondylolytic spondylolisthesis, even following the total removal of the posterior ligament complex of the superior adjacent segment as well as performing total laminectomy, there was no significant difference in the degenerative change of the superior adjacent segment as compared to that of performing partial laminectomy and leaving intact the posterior ligament complex of the superior adjacent segment. Based on these findings, it can be inferred that satisfactory treatment outcomes can be obtained without increasing the risk of developing degenerative change of the superior adjacent segment solely with performing single-level PLIF in the cases in which there are no lesions that might cause clinical symptoms in the superior segment where a listhesis is present.
An average follow-up period of 43 months is relatively short for the evaluation of the degenerative change of the adjacent segment. Thus, longer-term follow-up studies on this are needed. The incidence of adjacent segment degeneration may vary in the cases of L5-S1 fusion and those of L3-4 fusion. Further studies will be needed to examine the effects of the amount of decompression depending on the level of fusion by increasing the size of the population assigned to each disease group.
